The target size of neurotoxic esterase (NTE), the putative target site for the initiation of organophosphoruscompound-induced delayed neurotoxicity, and acetylcholinesterase (AChE) from hen brain were examined by determining the rate at which the activities of the esterases were destroyed by ionizing irradiation. Samples of hen brain were prepared by slowly drying a microsomal preparation under vacuum. The dried samples were then irradiated with electrons from a 1 MeV Van de Graaff generator. The doses ranged from 0 to 28 Mrad. The radiation doses were calibrated by the rate of inactivation of T1-bacteriophage plaque induction. Following the irradiation procedure, the samples were resuspended in buffer and enzymic activity was measured. The target size of NTE from hen brain was determined to be about 105 kDa, whereas hen brain AChE was found to have a target size of about 53 kDa. The target size of NTE was found to be similar in experiments with rat brain and cat brain. In addition, commercial preparations ofelectric-eel electric-organ AChE and horse serum butyrylcholinesterase were found to have target sizes that were identical with each other, and also were very similar to that of AChE from hen brain.
INTRODUCTION
Although most organophosphorus pesticides are direct or indirect inhibitors of acetylcholinesterase (AChE), a few of these compounds also produce delayed neurotoxicity in certain animal species (Smith et al., 1930; Abou-Donia, 1981) . Neurotoxic esterase (NTE) is a protein that is postulated to be the target site for the initiation of organophosphorus-compound-induced delayed neurotoxicity (Johnson, 1982) . A protein with a molecular mass of between 155 and 178 kDa has been isolated, by using either SDS/polyacrylamide-gel electrophoresis (Williams & Johnson, 1981; Carrington & Abou-Donia, 1985a) or gel column electrophoresis (Williams, 1983) , that binds 3H-labelled di-isopropyl phosphorofluoridate. This protein is similar to NTE in its sensitivity to inhibitors, regional distribution in brain, aging characteristics, rate of phosphorylation by the neurotoxic compound mipatox, and its rate of recovery in vivo after inhibition by di-isopropyl phosphorofluoridate. We have also detected small amounts of a 115 kDa protein with organophosphorus -compound -binding characteristics similar to those of NTE (Carrington & Abou-Donia, 1985a) .
In the present study we have determined the target size of the NTE activity in the brain of the hen and of two mammalian species by measuring the sensitivity of inactivation by ionizing radiation. This method has been found to be useful for determining the molecular mass of proteins in non-purified samples (for review see Kempner & Schlegel, 1979) . In addition, we determined the target size of AChE from hen brain and of commercial preparations of electric-eel AChE and horse serum butyrylcholinesterase (BuChE). hydrolysing activity to about 70 %. The commercial AChE and BuChE preparations were dissolved in buffer containing 5 mg of egg albumin/ml. The latter was added in order to facilitate the assessment of recovery after the drying and resuspension procedure. ul) of the homogenate were then pipetted on to a 2.5 cm x 2.5 cm square of 5 mm Mylar and dried as described previously (Fluke, 1966b) .
METHODS

Sample irradiation
The samples were irradiated with electrons from a 1 MeV Van de Graaff generator (model J5; High Voltage Engineering Corp., Burlington, MA, U.S.A.) as described previously (Fluke, 1966b) . Groups of eight to 14 samples were irradicated with doses that ranged from 0 to 25 Mrad.
Dosimetry
A nominal radiation exposure can be calculated by measuring the surface a-rea of the target transected by the beam of electrons and the number of electrons in the beam over the exposure period. However, a value so derived is dependent on the assumption that the collection of electrons is absolute, and is also dependent on accurate calibration of the equipment used to monitor the electrons. Consequently, we calibrated the electronic measurements by measuring the sensitivity ofinactivation ofT1-bacteriophage plaque-forming ability in Escherichia coli B. The D37 for the loss of Tl-phage activity has been determined to be 570+15 krad with y-rays or several other types ofionizing radiation (Fjuie, 19~66a) . Since the activity of a phage sample can be accurately measured over several orders of magnitude, Tl-phage inactivation is a particularly accurate method of calibrating a radiation source.
Enzyme assays
After irradiation, the samples were resuspended in 1 ml of buffer. NTE activity was assayed by using the method of Johnson (1977) . Cholinesterase activity was measured by using the method of Ellman et al. (1961) Tl-phage activity was assayed as described previously (Fluke, 1966a) .
Calculations
The data were fitted by a non-linear repression program (SAS, 1982; NLIN procedure) to the model A = AoekD, where A is the measured activity, AO is the activity at the zero dose, D is the dose in rads, and k is a constant that is characteristic of the activity. The constant is equal to 1/D37, where D37 is the dose that inactivates 63% of the activity. It has been empirically determined that k, in rad-1, is approximately equal to the relative molecular mass of the target divided by 6.4 x 1011 (Kepner & Macey, 1968) . This value is close to the theoretical value calculated by Hutchinson & Pollard (1961) . Standard errors and 95 % confidence intervals were used to compare the estimates and were derived from the SAS analysis. The D37 values for NTE and AChE were calculated to be 6.1 and 12.1 Mrad respectively.
RESULTS
The data used to calibrate the 1 MeV Van de Graaff generator for the experiments reported in this paper are shown in Fig. 1 . The radiation exposure as calculated from the physical calibration differed from the phage calibration by 26%.
The D37 values for NTE and AChE were found to be 6.1 + 0.3 and 12.1 +0.9 Mrad respectively (Fig. 2) close to the rate of inactivation of AChE from hen brain ( Fig. 3 and Table 1 ).
DISCUSSION
The indicated target size for NTE of 105 kDa is closer to the minor (115 kDa) SDS/polyacrylamide-gel electrophoresis band with NTE-like specificity than the major 160 kDa band. However, many proteins have a target size that is smaller than the whole molecule (Kempner & Schlegel, 1979) . This is often attributed to the fact that a subunit of the enzyme may be wholly responsible for the catalytic activity measured, and may be unaffected by damage to the rest of the molecule. Similarly, if a portion of the NTE molecule is not necessary for the enzymic activity, the 160 kDa SDS/polyacrylamide-gel electrophoresis band could still correspond to NTE. One possibility is that NTE, like many other membrane-bound proteins, is glycosylated. This notion is supported by the fact that many proteins that are fast transported are glycoproteins (Rambourg & Droz, 1980; Grafstein & Forman, 1980) , and that NTE is fast transported (Carrington & Abou-Donia, 1985b) . It is also noteworthy that glycoproteins are known to run more slowly than unglycosylated proteins in SDS/polyacrylamide-gel electrophoresis (Segrest et al., 1971) . Consequently, glycosylation of NTE could increase the molecular mass of NTE without increasing the target size, and cause overestimation of the molecular mass by SDS/polyacrylamide-gel electrophoresis. It is possible that the 115 kDa band represents the unglycosylated 160 kDa SDS/polyacrylamide-gel electrophoresis band. In any case, it does not appear that the di-isopropyl phosphorofluoridatebinding subunit is part of a larger protein that is responsible for the enzymic activity.
The rates of inactivation of AChE from hen brain and the Sigma electric-eel preparation are similar. Although .clcken AChE is considered to have a higher molecular mass (90-110 kDa) than the electric-eel form of the enzyme (70-75 kDa; Bon et al., 1979; Rotundo, 1984) , it has been found that digestion of chicken AChE with low concentrations of trypsin yields an active enzyme with properties similar to those of the electric-eel enzyme (Allemand et al., 1981) . Our data also suggest a fundamental similarity between chicken and non-avian AChE enzymes.
Our estimate of the D37 (10.8 Mrad) for the Sigma type VI electric-eel AChE is significantly greater (P < 0.05) than the value of 8.2 Mrad reported by Levinson & Ellory (1974) . Unless the preparations are assumed to differ, the discrepancy must be in the dosimetry. Had we relied on our physical calculation, we would have obtained a value of 8.0 Mrad. Although the dosimetry is clearly very important, there is unfortunately no information about the method used for quantifying dosages in the report by Levinson & Ellory (1974) . Although the indicated target size (71 + 4 kDa) reported by Levinson & Ellory (1974) is close to the apparent molecular mass of the catalytic subunit as determined by SDS/polyacrylamide-gel electrophoresis (75 kDa; Rosenberry & Richardson, 1977) , our data suggest that the target size is somewhat smaller.
It is interesting that the rates of inactivation of AChE and BuChE are so similar when the molecular mass of BuChE is found to be higher in most species (Massoulie & Bon, 1982) : the molecular mass of the catalytic subunit of BuChE has been estimated to be between 90 and 110 kDa (Lee & Harpst, 1973) . Our data (4) 14 (1) 14 (1) suggest that there is a central component to each of the two enzymes and that these are similar to each other.
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